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Description 

Background of the Invention 

1 . Field of the Invention 

[0001] The present invention relates to a 2-4 line-con- 
version circuit disposed between two lines of a bidirec- 
tional communication inpuVoutput terminai and four 
lines of a transmission output temninal and a reception 
input terminal, and particularly a conversion circuit used 
as a side-tone suppressing circuit between the input/ 
outputterminal connected to ateleplione line (two lines) 
and an output terminal connected to a speaker and an 
input terminai connected to a microphone (four iines). 
[0002] The present invention aiso reiates to a 2-4 line- 
conversion circuit employed as an echo-cancellation cir- 
cuit for canceling the reception-signal component in the 
transmission signai. The circuit is disposed between the 
Input/output terminai connecting an earphone micro- 
phone (two lines) such as a single earphone in a porta- 
bie teiephone or the like that can aiso be used as a mi- 
crophone, and an output terminal and an input terminal 
(four lines). The output terminal is used for outputting 
transmission signals to the transmission unit in the port- 
able telephone or the like. The input terminal is used for 
inputting reception signaisfrom the reception unit of the 
same. 

2. Description of the Related Art 

[0003] In a 2-4 line-conversion circuit, a signal input 
via the input terminal of the conversion circuit is output 
to an inpuVoutput terminal, but is substantially prevent- 
ed from being output to an output terminal. Conversely, 
a signal Input via the Input/output temninai of the con- 
version circuit is output to the output temilnal, but Is not 
output to the input terminai. 

[0004] The biock diagram in Fig. 6 shows a conven- 
tional 2-4 line-conversion circuit that is connected to a 
telephone line so as to suppress side tones from the tel- 
ephone microphone from being transmitted to the 
speaker, that is, to prevent feedback. The circuit can al- 
so, be connected between the transmission/reception 
unit of a ceiluiar-teiephone base unit and a transmitter/ 
receiver in order to cancel the reception-signal compo- 
nent in the transmission signai. 
[0005] Fig. 6 shows a conventional 2-4 line-conver- 
sion circuit 200. The 2-4 line-conversion circuit 200 in- 
cludes an outputterminal 10, an input tenninai 11, and 
an input/output terminal 12. Here, the input/output ter- 
minal 12 Is the two-line end, while the output terminal 
10 and input terminal 11 make up the four-line end. The 
2-4 line-conversion circuit 200 aiso includes a reception 
voltage G1 and an equivalent load resistor Z1 of the in- 
put and output tenninai, respectively, on the four-line 
end, and an output voltage G2 and an equivalent load 
resistor Z2 of the input/output terminal on the two-line 



end. 

[0006] Next, the operations of the 2-4 line-conversion 
circuit 200 will be described. The input signal G1 of the 
input terminal 11 passes through an op amp amplifier 

5 A1 and a resistor R1 . The signal is output to the equiv- 
alent load resistor Z2 via the input/output terminal 12. 
[0007] Similarly, the input voltage G2 from the input/ 
output terminal 12 passes through a resistor R2 and an 
op-amp amplifier A2. The signal is output to the equiv- 

io alent load resistor Z1 via the output temninai 1 0. 

[0008] However, the signal component passing 
through the output terminal 1 0 Includes the signal com- 
ponent from the input terminal 11 that passed through 
the amplifier A1 , resistor R1 , resistor R2, and amplifier 

^5 A2, which can lead to feedback. Therefore, a branch cir- 
cuit was further provided between the input terminal 1 1 
and a contact point 13 between the resistor R2 and the 
amplifier A2. This branch circuit includes an op-amp in- 
verting amplifier 11 and a gain/phase adjusting circuit 

20 14. 

[0009] A cancellation circuit 1 5 for canceling the input 
signal G1 is formed from the branch circuit and the re- 
sistor R2. The input signal G1 input into the cancellation 
circuit 1 5 via an inputterminal 1 5a has its phase inverted 

25 by the inverting amplifier 11 . Further, the gain/phase ad- 
justing circuit 14 adjusts the signal to have the same 
amplitude and the opposite phase as the input signal 
G1 that Is Input through an output terminal 15b In the 
cancellation circuit 15 and that passes through the re- 

30 sistor R2. The components of the input signal G1 are 
combined at the contact point 13 to cancel each other, 
and the resulting signal is output via an outputterminal 
15c. 

[0010] Accordingly, only the input voltage atthe input/ 
35 output terminal 1 2 is expected to reach the output ter- 
minal 10. In reality, however, it is difficult to completely 
cancel the input signal G1 . Normally, the amount of can- 
cellation is about -30 dB. 

[001 1 ] In the example described above, the cancella- 

40 tlon circuit 1 5 was added to improve the amount of can- 
celed feedback. In order to increase the cancellation 
amount to -40 dB or more, each circuit constant in the 
cancellation circuit 15 must be set accurately. However, 
even a slight shift in these circuits from the constant ya\- 

45 ues results In a sharp drop in the cancellation amount. 
Therefore, a stabilized cancellation circuit is limited to 
about -30 dB. 

Summary of the Invention 

50 

[0012] In view of the foregoing, it is an object of the 
present invention to provide a 2-4 line-conversion circuit 
provided with a cancellation circuit having a compressor 
and an expander to achieve a stable cancellation 
ss amount of about -60 dB. 

[001 3] These and other objects of the present inven- 
tion will be achieved by a 2-4 line-conversion circuit for 
a communication device comprising an input/output ter- 
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minal having two lines for simultaneous input and out- 
put; an input terminal; an output tenninal that fonns four 
lines with the inputterminal, a first amplifying circuit con- 
nected between the input terminal and the input/output 
terminal; a first impedance circuit connected between 
the input terminal and the input/output terminal in series 
with the first amplifying circuit; a second impedance cir- 
cuit connected between the input/output terminal and 
the output terminal ; a second amplifying circuit connect- 
ed between the input/output temninal and the output ter- 
minal in series with the second impedance circuit; a 
branch circuit connected between a point between the 
second impedance circuit and the second amplifying cir- 
cuit and the input terminal and comprising an inverting 
circjuit and a gain/phase adjusting circuit connected in 
series; a first compressor connected between the inpuV 
output terminal and the second impedance circuit; a 
second compressor connected between the inputtermi- 
nal and the branch circuit; and an expander connected 
between the second amplifying circuit and the output 
temninal. 

[001 4] According to another aspect of the present in- 
vention, the 2-4 line-conversion circuit serves as aside- 
tone suppressing circuit with a speal^er connected to the 
output terminal; a microphone connected to the input 
terminal; and a telephone line connected to the input/ 
output terminal. 

[001 5] According to another aspect of the present In- 
vention, the communication device using the 2-4 line- 
conversion circuit is a portable telephone. One of a mag- 
netic earphone, dynamic earphone, or crystal earphone 
having a microphonef unction through bidirectional elec- 
tric-sound conversion is connected to the input/output 
terminal. A reception circuit and transmission circuit of 
the portable telephone base unit are connected to the 
Input temninal and output temninal, respectively and the 
2-4 line-conversion circuit is employed as a cancellation 
circuit for canceling the reception-signal component 
from the transmission signal. 

[001 6] According to another aspect of the present in- 
vention, a 2-4 line-conversion circuit for a communica- 
tion device comprises an input/output terminal having 
two lines for simultaneous input and output; an inputter- 
minal; an output terminal that forms four lines with the 
input temninal, an amplifying circuit connected between 
the input terminal and the input/output terminal; an im- 
pedance circuit connected between the input terminal 
and the input/output tenninal In series with the amplify- 
ing circuit; a first A/D converter; a first compressor; an 
expander; a D/A converter connected between the in- 
put/output terminal and the outputtenninal in series with 
the first A/D converter, the first compressor, and the ex- 
pander; and a branch circuit connected between a point 
between the first compressor and the expander and the 
input tenninal and comprising an second A/D converter, 
a second compressor, and an adaptive digital filter for 
controlling gain and phase and having a feedback input 
tenninal. 



[001 7] According to another aspect of the present In- 
vention, the first and second compressors compress at 
a logarithmic ratio of 1/2, and the expander expands at 
a logarithmic ratio of 2. Further, the first and second am- 
5 plifying circuits are operational amplifier amplifying cir- 
cuits; the inverting circuit is an operational amplifier in- 
verting/amplifying circuit; and the first and second im- 
pedance circuits are resistor circuits, 

Brief Description of the Drawings 

[001 8] In the drawings: 

Fig. 1 is a circuit diagram showing a 2-4 line-con- 
version circuit according to a first embodiment of the 
present invention. 

Fig. 2 is a ciniiuit diagram showing an example of 
signal levels In the circuit of Fig. 1 , wherein the can- 
cellation amount Is -30 dB. 

Fig. 3 Is a block diagram showing a 2-4 line-conver- 
sion circuit according to a second embodiment. 

Fig. 4 is a graph showing the input and output char- 
acteristics for the compressors and expander used 
In the conversion circuit of the present invention. 

Fig. 5 Includes explanatory diagrams showing the 
configuration of a communication device using the 
2-4 line-conversion circuit of the present invention, 
wherein (b) includes an earphone microphone that 
is a bidirectional earphone having a microphone 
function and (c) is a speal<er microphone that is a 
bidirectional spea[<er having a microphone function. 

Fig. 6 is a block diagram showing a conventional 
2-4 line-conversion circuit. 

Fig. 7 is a circuit diagram showing an example of 
signal levels in the circuit of Fig. 6, wherein the 
amount of cancellation is -30 dB, 

Description of the Preferred Embodiments 

[0019] A 2-4 line-conversion circuit according to pre- 
ferred embodiments of the present invention will be de- 
scribed with reference to the accompanying drawings. 
Fig. 1 shows a 2-4 line-conversion circuit 1 00 according 
to the first embodiment. Components having the same 
function as those in the conventional circuit of Fig. 6 are 
indicated with the same part numbers, and a description 
of these components has been omitted. 
[0020] In addition to the conventional construction, 
the 2-4 line-conversion circuit 100 of the present em- 
bodiment includes a first compressor 16, a second com- 
pressor 17, and an expander 18. 
[0021] Next, the operations of the 2-4 line-conversion 
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circuit 100 in Fig. 1 will be described. Signals input via 
the i1 pass through the amplifier A1 (first amplifying cir- 
cuit) and the resistor R (first impedance circuit) and are 
output to the equivalent load resistor Z2 via the input/ 
output terminal 12. A voltage G2 inputthrough the input/ 
output tenninal 12, on the other hand, passes through 
the second compressor 1 7, the resistor R2 (second im- 
pedance circuit), theamplifierA2 (second amplifying cir- 
cuit), and the expander 1 8 and are output to the equiv- 
alent load resistor Z 1 via the output tenninal 1 0. 
[0022] IHere, the component of the signal input via the 
input tenninal 1 1 is included in the signal that passes 
through the output terminal 10 due to feedback via the 
amplifier A1 , resistor R1 , second compressor 1 7, resis- 
tor R2, amplifier A2, and expander 18. In order to re- 
move this feedback signal , a cancellation circuit for can- 
celing the component of the signal input from the input 
temiinal 11 is formed by the resistor R2 and the branch 
cincuit. The input terminal 11 is connected to the contact 
point 13 In the cancellation circuit via the first compres- 
sor 16 and the branch circuit fornied of the inverting am- 
plifier 11 and the gain/phase adjusting circuit 14. 
[0023] Hence, signals inputfrom the input terminal 11 
pass through the first compressor 1 6 and are input into 
the cancellation circuit 15 via the input terminal 15a. The 
signal is phase- inverted by the inverting amplifier II and 
further adjusted in gain and phase by the gain/phase 
adjusting circuit 14. Accordingly, the signal Is adjusted 
so as to have the same amplitude and the opposite 
phase of the signal inputted via the output temninal 1 5b 
and the resistor R2. The two signals are combined at 
the contact point 13, thereby canceling the input signal 
from the input temiinal 11. However, the signal input 
fromtheinput/outputterminalisnot cancel ed and is out- 
put via the output terminal 1 5c. 
[0024] The input/output characteristics of the first 
compressor 16, second compressor 17, and expander 

18 In this circuit are shown in Fig. 4. In the present em- 
bodiment, the logarithmic ratio of compression is set at 
1/2 and the logarithmic ratio of expansion at 2. These 
ratios can also be set at 1/3 and 3 or at 1/4 and 4, re- 
spectively. However, the sound of the voice will gradu- 
ally become more unnatural. 

[0025] Fig. 2 shows example signal levels for each 
component in Fig. 1 . In this example, the Input voltage 
G 1 is set to 0 dBV. Solid arrows are used to indicate the 
voltage level of this signal. The voltage G2 input from 
the input/output tenninal is set to 0 dBV. Arrows with bro- 
ken lines are used to indicate the voltage level of this 
signal in the circuit. 

[0026] For comparison purposes, Fig. 7 indicates the 
voltage levels in each component of the conventional 

circuit in Fig. 6. 

[0027] For purposes of this description, an attenuator 

19 (-3 dB) and an op-amp amplifier A3 (6 dB) have been 
inserted into the cincuit of Fig. 2 in order to set the level 
of each component the same for Figs. 2 and 7. However, 
these elements are not necessary. Also, the following 



relationships were established for simplicity; R1 « R2, 
R1 = Z2, and R2 = R3. 

[0028] By comparing the values in Figs. 2 and 7, it can 
be seen that the conventional circuit of Fig. 7 produces 

5 an output-level differential of -30 dB at the output termi- 
nal 10, while the circuit of Fig. 2 produces a differential 
of -60 dB, an improvement of 2 times. 
[0029] Next, a 2-4 line-conversion circuit according to 
a second embodiment of the present invention will be 

10 described with reference to Fig. 3. In a 2-4 line-conver- 
sion circuit 150 shown in Fig. 3, components having the 
same function as those in the conventional circuit of Fig. 
6 are indicated with the same part numbers, and a de- 
scription of these components has been omitted. 

15 [0030] In the diagram, the area 20 is configured of a 
digital circuit. The 2-4 line-conversion circuit 150 in- 
cludes first and second A/D converters 21 and 22 for 
converting analog signals to digital signals, a D/A con- 
verter 23 for converting digital signals to analog signals, 

20 first and second compressors 24 and 25, an expander 
26, an adaptive digital filter 27, a feedback-input tenni- 
nal 27a provided on the adaptive digital filter 27, and a 
digital-signal combining circuit 28. 
[0031] Next, the operations of the 2-4 line-conversion 

25 circuit 1 50 will be described. A signal input via the input 
terminal 11 passes through the amplifier A1 and resistor 
R1 and is output to the equivalent load resistor Z2 via 
the Input/output temninal 12. At the same, a signal input 
via the input/output terminal 12 is converted to a digital 

30 signal by the A/D signal converter 21 . This digital signal 
passes through the first compressor 24, the expander 
26, and the D/A converter 23 and is converted back to 
an analog signal. The analog signal is output to the 
equivalent load resistor Z I via the output terminal 10. 

35 [0032] In order to prevent the signal input via the input 
temninal 11 from being fed back to the output terminal 
1 0, the signal is Input Into the second A/D converter 22 
to generate a digital signal. The digital signal is input 
into the second compressor 25 and the adaptive digital 

40 filter 27. The signal output from the adaptive digital filter 
27 is combined with the signal input via the first com- 
pressor 24 by the digital-signal combining circuit 28. At 
this time, the combined signal is input into the feedback- 
input terminal 27a of the adaptive digital filter 27. The 

45 adaptive digital filter 27 adjusts the gain and phase so 
as to minimize the input signal from the input terminal 
11 in the combined signal. In other words, the adaptive 
digital filter 27 serves as a gain/phase adjusting circuit. 
[0033] The adaptive digital filter 27 can also compen- 

50 sate for changes in the equivalent load resistor Z2 of the 
input/output temninal 12. 

[0034] Fig. 5 shows a communication device that em- 
ploys the full-duplex audio communication circuit 1 00 or 
150 of the present invention. In the communication de- 
ss vice of Fig. 5(a), a telephone line is connected to the 
input/output terminal, a speaker to the output tenninal, 
and a microphone to the input terminal. The 2-4 line- 
conversion circuit serves as aside-tone suppressingcir- 
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cuit. This conversion circuit can also be applied to a 
cordless telephone by connecting the terminals for the 
microphone and speaker to the wave-detection output 
and modulation input of the base unit in the cordless tel- 
ephone. 

[0035] Fig. 5(b) shows a portable telephone, wherein 
an earphone microphone having a bidirectional ear- 
phone with a microphone function Is connected to an 
input/output terminal. An output temiinal is connected 
from the microphone to the transmission unit in the port- 
able telephone. An input temiinal is connected from the 
receiving unit in the telephone to the earphone. A recep- 
tion signal from the input terminal is canceled, achieving 
a cancellation amount of approximately -60 dB at the 
output terminal. 

[0036] Fig. 5(c) shows a duplex communication de- 
vice having good feedback characteristics. In this de- 
vice, a bidirectional speaker microphone having a mi- 
crophone function is connected to an input/output ter- 
minal. Two sets of 2-4 line-conversion circuits are em- 
ployed, wherein the input terminal of each is connected 
to the output terminal of the other. Another input/output 
terminal is connected to a communication line. 
[0037] A 2-4 line-conversion circuit according to the 
present invention has the following effects. The 2-4 line- 
conversion circuit is provided with a cancellation circuit 
that has compressors and an expander for adjusting 
gain and phase in orderto substantially prevent the input 
signal from being transmitted to the output terminal. 
With this circuit, the 2-4 line-conversion circuit can op- 
erate with a stable cancellation amount of -60 dB, a con- 
siderable improvement over the -30 dB limitation in con- 
ventional circuits. 



Claims 

1. A 2-4 line-conversion circuit for a communication 
device comprising: 

an input/output terminal having two lines for si- 
multaneous input and output; 

an Input terminal; 

an output terminal that forms four fines with the 
input tenninal; 

a first amplifying circuit connected between the 
input temiinal and the Input/output tenninal; 

a first impedance circuit connected between 
the input terminal and the input/output terminal 
in series with the first amplifying circuit; 

a second impedance circuit connected be- 
tween the input/output tenninai and the output 
tenninal; 



a second amplifying circuit connected between 
the input/output terminal and the output termi- 
nal in series with the second impedance circuit; 

5 a branch circuit connected between a point be- 

tween the second Impedance circuit and the 
second amplifying circuit and the input terminal 
and comprising an inverting circuit and a gain/ 
phase adjusting circuit connected in series; 

10 

a first compressor connected between the in- 
put/output terminal and the second impedance 

circuit; 

15 a second compressor connected between the 

input tenninal and the branch circuit; and 

an expander connected between the second 
amplifying circuit and the output tenninal. 

20 

2. A 2-4 line-conversion circuit for a communication 
device as recited in Claim 1 , wherein the first and 
second compressors compress at a logarithmic ra- 
tio of 1/2, and the expander expands at a logarith- 
ms mic ratio of 2. 

3. A 2-4 line-conversion circuit for a communication 
device as recited In Claim 1 , wherein the first and 
second amplifying circuits are operational amplifier 

30 amplifying circuits; the inverting circuit is an opera- 
tional amplifier inverting/amplifying circuit; and the 
first and second impedance circuits are resistor cir- 
cuits. 

35 4. A 2-4 line-conversion circuit for a communication 
device as recited in Claim 1 , wherein the circuit 
serves as a side tone suppressing circuit with a 
speaker connected to the output tenninai; a micro- 
phone connected to the input temnlnal; and a tele- 

40 phone line connected to the input/output terminal. 

5. A 2-4 line-conversion circuit for a communication 
device as recited in Claim 1 , wherein the communi- 
cation device is a portable telephone; one of a mag- 

45 netic earphone, dynamic earphone, or crystal ear- 
phone having a microphone function through bidi- 
rectional electric-sound conversion is connected to 
the input/output terminal; a reception circuit and 
transmission circuit of the portable telephone base 

so unit are connected to the input terminal and output 
terminal, respectively; and the 2-4 line-conversion 
circuit is employed as a cancellation circuit for can- 
celing the reception-signal component from the 
transmission signal. 

55 

6. A 2-4 line-conversion circuit for a communication 
device comprising: 



5 
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an input/output terminal having two lines tliat 
are connected to one of a magnetic earphone, 
dynamic earphone, or crystal earphone having 

a microphone function through bidirectional 
electric-sound conversion, 5 
an input/output terminal having two lines for si- 
multaneous input and output; 



10 



an input temninal; 

an output terminal that forms four lines with the 
input temninal 



an amplifying circuit connected between the in- 
put terminal and the input/output terminal; 

an Impedance circuit connected between the 
input terminal and the inputi^output terminal In 
series with the amplifying circuit; 

20 

a first A/D converter; 
a first compressor; 

an expander; 25 

a D/A converter connected between the input/ 
outputtemilnal andthe output temninal In series 
with first A/D converter, the first compressor, 
and the expander; and so 

a branch circuit connected between a point be- 
tween the first connpressor and the expander 
and the input terminal and comprising an sec- 
ond ND converter, a second compressor, and 35 
an adaptive digital filter for controlling gain and 
phase and having a feedback-Input temninal. 

A 2-4 line-conversion circuit for a communication 
device as recited In Claim 6, wherein the first and 40 
second compressors compress at a logarithmic ra- 
tio of 1/2, and the expander expands at a logarith- 
mic ratio of 2. 

A 2-4 line-conversion circuit for a communication 45 
device as recited In Claim 6, wherein the amplifying 
circuit Is an operational amplifier amplifying circuit; 
and the impedance circuit Is a resistor circuit. 
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